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ABSTRACT 




Aerodynamic characteristics of the aborted Apollo-Saturn IB vehicles 
are defined for control and structural analyses. Static stability charac- 
teristics are presented at various angles of attack ^0° - 15°) as a 
function of Mach number. Local normal force coefficient distributions 
are included at various angles of attack (0° - 15°) for the Mach numbers 
ranging from 0.5 to 2.86. Axial force coefficients for power-off and 
power-on conditions are defined at zero angle of attack throughout the 
Mach number range. Local axial force coefficient and local pressure 
coefficient distributions are presented at zero angle of attack at Mach 
numbers from 0.5 to 2.86. These data are based primarily on wind tunnel 
tests of scale models. ^ 
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TECHNICAL MEMORANDUM X-53423 


STATIC AERODYNAMIC CHARACTERISTICS 
OF THE ABORTED APOLLO - SATURN IB VEHICLE 

SUMMARY 


This report presents the static aerodynamic characteristics of the 
aborted Apollo-Saturn IB vehicle. These data are based primarily on wind 
tunnel tests of scale models. Static stability characteristics are 
included as a function of Mach number for angles of attack from 0° to 
15°. Axial force characteristics are defined for power-on and power-off 
conditions at zero angle of attack as a function of Mach number. Local 
normal force coefficients are included at various angles of attack from 
0° to 15° for Mach numbers from 0.5 to 2.86. Local pressure coefficient 
and axial force coefficient distributions are included for various Mach 
numbers from 0.5 to 2.86 at zero angle of attack. 


I. INTRODUCTION 

The primary mission of the research and development flights of the 
Apollo-Saturn IB vehicles is to demonstrate the compatibility and perform- 
ance of the launch vehicle/spacecraft in preparation for manned flight. 

For the operational vehicles, the primary mission is to place a manned 
spacecraft in earth orbit. If a malfunction resulting in failure to 
complete the mission should occur during first stage flight, the command 
module will be aborted. If the malfunction occurs early in flight on 
unmanned vehicles, an attempt will be made to fly the aborted vehicle 
power-on until 60 seconds flight time has elapsed. On manned flights, 
this time has been decreased to 40 seconds. This requires a definition 
of the aerodynamic characteristics of the aborted Apollo-Saturn IB vehicle 

The aborted Apollo-Saturn IB vehicle consists of the S-IB first 
stage, S-IVB second stage, instrument unit (IU), lunar excursion module 
adapter (SLA), and service module (SM). The S-IB stage propulsive system 
includes eight Rocketdyne H-l engines with a total sea level thrust of 
1.6 million pounds. The S-IVB stage employs one Rocketdyne J-2 engine 
with a rated vacuum thrust of 200,000 pounds. 

AS-201, AS-202, and AS-204 and subsequent are similar, the only 
major differences being in the base configuration. The S-IB stage of 
AS-201 is equipped with engine shrouds and side-mounted turbine exhaust 
ducts. For AS-202 and subsequent vehicles, the engine skirts will be 



removed. AS-204 and subsequent vehicles will have the side-mounted 
turbine exhaust ducts removed, and the turbine exhaust gases will be 
vented through aspirators mounted on the inboard engine nozzles and 
directed into the flame shield area. The removals and installations 
discussed have significant effects only on the axial force character- 
istics; the proper accounting of these effects have been made for each 
* 

vehicle. 

A compatible difinition of the aerodynamic characteristics of the 
aborted Apollo-Saturn IB vehicles for trajectory, control, and structural 
analysis is presented. These data are based primarily on wind tunnel 
tests of scale models. Typical Apollo-Saturn IB trajectory data are 
presented in Figure 3. Data presented in this report will be applicable 
to all Apollo-Saturn IB vehicles provided there are no major configura- 
tion changes (such as frustum angles, stage lengths, etc.). 


II. STATIC STABILITY CHARACTERISTICS 

Static stability characteristics of the aborted Apollo-Saturn IB 
vehicle were defined based primarily on wind tunnel tests of scaled 
models. These tests were conducted at Chance Vought Corporation and 
Langley Research Center employing a 1.32 per cent scale model [3, 4]. 
Variations of center of pressure and normal force gradient at zero 
angle of attack are defined as a function of Mach number in Figure 4. 
The normal force coefficient as a function of angle of attack and Mach 
number is carpet-plotted in Figure 5. These data are presented for an 
angle of attack range of 0° to 15° and a Mach number range of 0 to 4.8. 
Corresponding center of pressure variations are presented in Figures 
6 through 9. These data reflect the presence of protuberances and the 
effect on static stability characteristics. 


III. AXIAL FORCE CHARACTERISTICS 

Forebody axial force coefficient and power-off base axial force 
coefficient presented for each vehicle are based on wind tunnel tests 
of scaled models [3, 4]. Power-on base axial force coefficient was 
defined using flight data on Saturn I, Block II vehicles and wind tunnel 
tests of scaled models with simulated flow through the engines. By use 
of these data, total power-on and power-off axial force coefficients were 
defined at zero angle of attack as a function of Mach number. 

Axial force characteristics of Apollo-Saturn 201, which reflect the 
presence of engine shrouds and externally mounted turbine exhaust ducts, 
are presented in Figure 10. Apollo-Saturn 202 axial force characteristics, 
presented in Figure 11, reflect the removal of engine shrouds and the 
presence of the turbine exhaust ducts. Axial force characteristics of 
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Apollo-Saturn 204 and subsequent vehicles, presented in Figure 12, reflect 
the removal of the engine shrouds and rerouting of the turbine exhaust 
gases into the flame shield area. Total power-on and power-off axial 
force, power-on and power-off base axial force, and forebody axial force 
coefficients are presented for each vehicle as a function of Mach number 
at zero angle of attack. 

Variations of total power-on and power-off axial force during flight 
are defined as follows: 


Axial force (power-on) = (power-on) q M S 

Axial force (power-off) - (power-off) q^ S 


IV. LOCAL NORMAL FORCE COEFFICIENT DISTRIBUTIONS 

Local normal force coefficient distributions, presented in Figures 
13 through 36, are defined at Mach numbers from 0.5 to 2.86 for angle of 
attack from 2° to 15°. Fin contributions are included as concentrated 
loads on each figure at the proper longitudinal station. The fin normal 
force coefficient defines the forces of all eight fins and includes body 
upwash. The carry-over of the fins on the body is included in the load 
distributions over the body. 

The local normal force coefficient distributions are based on wind 
tunnel tests of scale models [5-9]. Data from these tests were compiled 
to obtain a compatible definition of the load distribution over the vehicle. 
The contribution of the fins and tail barrel was obtained from Reference 6. 


V. LOCAL AXIAL FORCE COEFFICIENT DISTRIBUTIONS 

The distributions of local axial force coefficient, which are defined 
at zero angle of attack for various Mach numbers ranging from 0.5 to 2.86, 
were obtained from a scaled model pressure test [6]. The axial force 
coefficients of the flat face, S-IB/S-IVB base, shrouds, fins, power-on 
base, and power-off base are tabulated as concentrated loads since these 
data do not readily adapt to a distributed load. The tabulated fin and 
shroud loads were obtained from Reference 9 and the base axial force 
characteristics were obtained from Figures 10 through 12. The axial 
force coefficient for the flat face was obtained by assuming 90 per cent 
stagnation pressure over the face. 
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VI. LOCAL PRESSURE COEFFICIENT DISTRIBUTIONS 


Longitudinal local pressure coefficient distributions were defined 
based on wind tunnel tests of scaled models. These data were obtained 
from the same sources as the local normal force coefficient distributions, 
[6-9], which are presented at zero angle of attack for Mach numbers 
ranging from 0.5 to 2.86 in Figures 40, 41, and 42. 

When the command module is ejected, the spacecraft compartment is 
subjected to stagnation pressure. The internal pressure coefficient is 
defined as a function of Mach number in Figure 43. 


CONCLUDING REMARKS 

The data presented in this report are a compilation of aerodynamic 
characteristics necessary to support the design of the Apollo-Saturn IB 
launch vehicles. The purpose of this report is to supply an adequate 
and compatible definition of the aerodynamic characteristics for struc- 
tural, control, and performance analysis. 

The aerodynamic characteristics included are based primarily on 
wind tunnel tests of scaled models and supplemented with analytical 
data where experimental data were unavailable. The text of this report 
does not present a detailed analysis of the experimental data. This 
may be obtained from the referenced reports. 

Blunt body aerodynamic data do not have the characteristic accuracy 
associated with that of complete launch vehicles. First, the increased 
bow shock strength and the greater potential for wind tunnel shock 
reflections reduce the probability of obtaining precise data. Further- 
more, it has been shown for the extreme case of simple blunt cylinders 
that consistent data can be obtained in any single test series; yet it 
is difficult to obtain consistency between different test series. This 
is attributed to small discrepancies in shock fields, boundary layers, 
model geometries and scale, heat transfer effects, and flow field devia- 
tions. Nevertheless, the set of enclosed data is consistent and it is 
judged entirely adequate in terms of accuracy for conditions involved 
(i.e., a short term - unmanned flight before intentional destruction). 

If a judgement had to be made as to the probable accuracy, it would be 
as follows: normal force coefficient, +10 per cent; center of pressure, 

+0.4 caliber; and axial force coef f icient , +15 per cent. 
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FIGURE 5: VARIATION OF NORMAL FORCE COEFFICIENT WITH ANGLE OF ATTACK AND MACH NUMBER 
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FIGURE 10: VARIATION OF AXIAL FORCE COEFFICIENT WITH MACH NUMBER FOR APOLLO-SATURN 201 AT a - 0° 
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FIGURE 11: 
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FIGURE 12: VARI ATIONOF AXIAL FORCE COEFFICIENT WITH MACH NUMBER FOR APOLLO-SATURN 204 AND SUBSEQUENT VEHICLES AT a * 0° 
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LONGITUDINAL POSITION, X/D, FORWARD OF VEHICLE STATION 100. 00 


FIGURE 26: DISTRIBUTION OF LOCAL NORMAL FORCE COEFFICIENT AT MACH 1.2: a - 6° AND 8 ( 
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FIGURE 33: DISTRIBUTION OF LOCAL NORMAL FORCE COEFFICIENT AT MACH 2. 16; a - 10° AND 15°. 
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FIGURE 38 DISTRIBUTION OF LOCAL AXIAL FORCE COEFFICIENT AT a - 0° FOR MACH 1.0 AND 1. 2 
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LONGITUDINAL POSITION, CALI BERS FORWARD OF VEHICLE STATION 100. 0 


FIGURE 39 DISTRIBUTION OF LOCAL AXIAL FORCE COEFFICIENT AT a • (P FOR MACH 1.57, 2.16 AND 2.86 
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FIGURE 42: DISTRIBUTION OF LOCAL PRESSURE COEFFICIENT AT a * 0° FOR MACH 1.57, 2. 16 AND 2. 86 
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FIGURE 43 INTERNAL PRESSURE COEFFICIENT VERSUS MACH NUMBER 
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